This paper presents an analysis of the economic performance and profitability of companies using the Six Sigma methodology. Of the 425 Brazilian companies currently on the open market, 93 use Six Sigma. The companies were first categorised by their sectors, according to how they are classified on the capital market, and then, by their size according to the Brazilian Development Bank. The results in recent years (2011 -2013) of companies that use Six Sigma were compared to the results of those that do not, based on a statistical inference test of the differences between the two populations, with unknown standard deviations and a confidence interval established at the 95% level. The findings show that, in nine sectors, the Six Sigma methodology contributes to the optimisation of processes and economic performance.
Introduction
Due to increasing competition, quality improvement practices are becoming a requirement for companies that wish to remain active in the market. These practices have as their main objective satisfying customers' needs and meeting expectations for return on shareholders' investment. products and/or services, b) enhance the capacity for innovation, even when facing the challenges of establishing competitive advantages and c) reduce costs and waste. As a result of these effects, these organisational initiatives are gaining greater prominence and attracting attention not only in the academic community but also in business environments (Berlitz & Haussen, 2005) .
In this context, some questions arise:
• Is 6σ worth applying?
• Does this methodology improve organisations' results and growth (Chanade, 2009; Trad & Maximian, 2009 )?
• Why has so little research been done on the efficiency of this methodology? Almeida et al. (2012) reviewed the few existing publications on 6σ, and, according to the cited authors, for the period between 2004 and 2012, only 26 publications appear in the Scientific Electronic Library Online. Based on these considerations, the overall objective of the present research was to analyse if companies that use 6σ enjoy higher economic performance as compared with companies of the same segment that do not report using this methodology.
The 6σ Methodology
The evolution of the 6σ methodology, forced countries such as the US to modify, from the start, how they produce products and services (Corrê a & Corrê a, 2011; Pande, Neuman & Cavanagh, 2000; Ribeiro & Caten, 2012; Summer, 2003) . The initial idea was to reduce variation in products' critical features, decreasing the chances of failure to close to zero. However, the 6σ programme surpassed the limits of mere variability reduction to become a philosophy of troubleshooting based on the Deming Cycle -initially applied in Japan -and on the use of quality tools and more accurate statistical techniques (Ribeiro & Caten, 2012) .
According to Summer (2003) , after 1995, Jack Welch, the manager of GE, launched a number of quality initiatives, rigidly following the 6σ methodology. Welch tied this approach to the company's upper hierarchy and linked the annual bonus of the 40 top executives to 6σ goals. In this way, whoever successfully implemented quality management would rise through the ranks of GE. Up to 1995, the company had worked with an average of 35,000 defects per million opportunities (DPMO).
At that time, Welch's goal was for the company to achieve, by 2000, the 6σ level, namely, a hit rate of 99.99966%. Many criticised Welch's rigid policies, but he was confident these would succeed. In 1998, GE increased its sales from 90,800 million to 100,500 million US dollars, and profits went from 8,200 to 9,300 million US dollars (Summer, 2003) .
Researchers do not claim that only the 6σ by itself caused GE's success (Summer, 2003) . The methodology was applied quite intelligently, but, to achieve growth targets, 6σ was combined with other strategies, such as globalisation, improvement in services and implementation of e-business. For Cabrera Jú nior (2006) , what differentiates 6σ from other methods are not the tools used, because these are not new to the area of quality control, but the way in which the tools are combined to focus on the search for stable processes.
In this methodology, organisations' sigma level is determined, which measures the companies' general and quality performance. Thus, the higher the companies' sigma level, the higher the quality of their offer, as shown in Table 1 . Source: Pande et al. (2000, p. 31)
The scope of a 6σ level, namely, a hit rate of 99.9997% in its processes, takes a company to the 'world-class' quality level. This level needs to be pursued by the company in its logistics system and in related performance indicators: costs, productivity, quality, activity duration, customer service, transportation and distribution, warehousing, planning, services, materials management and people administration. The goal of all companies should be the attainment of excellence with a negligible level of failure, that is, the 6σ level (Pande et al., 2000) Companies seeking to implement the 6σ methodology are motivated by successful stories reported of its use in continuous improvement processes and by a desire to understand customers' requirements and critical inputs in processes, which are necessary to be able to respond to changes in defined specifications. Companies also desire to improve the quality of their offer; optimise process flows and productivity gains; reduce work cycles; increase productive capacity and product reliability; reduce defects, costs and waste; eliminate activities that do not add value to processes from the clients' point of view; and maximise profits to increase profitability and economic performance (Andrietta & Miguel, 2007) .
Thus, 6σ brings quite significant financial results through the optimisation of production processes by reducing costs when the method is applied. However, improvement of a business as a whole cannot be understood only as an effort to improve quality. This becomes meaningless if no increase occurs in economic performance and profitability (Cabrera Jú nior, 2005) , support for strategic planning (Santos & Martins, 2010) and organisational improvement (Arnheiter & Maleyeff, 2005) -not only in terms of people's behaviour but also processes' behaviour.
Galvani and Carpinetti (2013) draw attention to theoretical and practical differences in the number of DPMO. To the cited authors, in practice, processes rarely keep going without changes over time. These authors forecast that, with the natural deterioration of processes, they can get out of statistical control, which results in an increase in the production of items that do not meet the defined specifications -a result for which customers will not be willing to pay. This changes process capability indicators. Galvani and Carpinetti (2013) propose that a probability of 3.4 DPMO needs to be considered, which is quite different from the theoretically ideal value of 0.002 DPMO. Santos and Martins (2008) developed a reference model with two approaches to studying 6σ in organisations. The first is a statistical approach primarily based on the concepts of the statistical process control created by Walter Andrew Shewart at Bell Labs in 1924. The second approach is a strategic approach that considers 6σ a business improvement process or strategy, acting flexibly and comprehensively through all processes, products and functions in order to improve businesses' profitability, eliminate wastes, reduce non-quality costs and improve all operations' efficiency. Thus, publications appear to seek to strengthen the managerial and strategic allusions that are implied by 6σ practices (Chang, 2004) .
However, the 6σ methodology covers more than just quality control and accurate statistics (Welch, 1999) . This methodology addresses this issue but then goes far beyond, pushing for the improvement of leadership practices by providing tools for thinking about difficult issues. At the heart of 6σ lies an idea capable of totally changing companies' logistics. By concentrating on customer-facing views and goals, the focus is taken away from the organisations in question, namely, companies look beyond processes and focus on clients. Summer (2003) underlines the perennial question of what is new about 6σ, so researchers need to discover what distinguishes this methodology from others and demonstrate the advantages of its implementation. Unlike total quality management, 6σ is based on numbers, facts and data, which makes it more result oriented. Arnheiter and Maleyeff (2005) highlight the importance of the role of company employees in 6σ improvement processes, which promote organisational improvement in both people and processes' behaviour. Thus, 6σ is related not only to the reduction of errors but also to the development of staff's ability to implement necessary changes in their company. Another important role in 6σ projects is played by customers since, by increasing their satisfaction, companies can also increase their profits.
Among other things, market leadership is commonly thought to be the basis for 6σ's success (Antony & Banuelas, 2002; Blakeslee Jr., 2001; Eckes, 2001; Harry & Schroeder, 2006; Ho, Chang & Wang, 2004; Pande et al., 2000; Werkema, 2002) . Another critical factor often pointed out for success is the proper choice of projects. (Adams, Gupta & Wilson, 2003; Harry & Schroeder, 2006; Pande et al., 2000; Perez-Wilson, 1999) . However, aspects such as cultural changes (Galvani, 2010) and greater commitment -not only among top management but also all employees involved in this process (Eckes, 2001 ) -allow 6σ programmes to succeed or fail.
Trad and Maximiano (2009) point out that, in recent decades, empirical gains in the area of production and operations management have come mainly from practical developments, not academic developments. Practical development is caused by highly competitive markets, whether international or national. These markets require companies to provide rapid responses to adapt to new global economic scenarios, and this speed requires academic researchers to be always attentive to new management practices that arise in Brazil and worldwide.
In addition, the 6σ process's variability is one of the most studied topics in management. Given organisations' need to achieve the best results, this is a much researched topic since 6σ can contribute significantly to organisations' success. The use of statistical metrics helps reduce process variability (Hoff, 2005) . The 6σ method's benefits are the main factors that attract organisations' interest (Andrietta & Miguel, 2007) . Along these lines, Jú nior and Lima (2010) report that several organisations have generated significant revenues by implementing this methodology. Marzagã o, Lopes, Gouvea and Carvalho (2014) point out that the critical success factors of 6σ have been explored by authors in the literature on corporations. The present study emphasises the academic relevance of this research since the use of 6σ in Brazil is relatively recent, which provides an opportunity for further studies to address the related issues. The main proposed hypothesis is that Brazilian corporations that use this methodology are more efficient, and, consequently, they benefit from higher operating performance.
Research Methodology
The present research was quantitative (Richardson, 1999) , descriptive (Diehl & Tatim, 2006 ) and documentary. Its universe was Brazilian companies with shares listed on the stock market, especially those that have reported using 6σ. The data were collected from these companies' annual reports, websites, annual social reports, replies to emailed questions, queries about clients of consultancies specialising in 6σ and participation in regional and national events related to this methodology between July 2013 and February 2014.
Further data were collected from the Economatica ® database and from publications of the Brazilian Securities Commission, from which information was obtained about companies' financial performance, focusing on the period between 2011 and 2013. After this survey, the selected companies (i.e. 425 companies with shares on the capital market) were stratified first by sector, according to the classification system used by the Sã o Paulo Stock Exchange, next, by size, according to the criteria of the Brazilian Development Bank (BNDES) and, last, by use or non-use of 6σ. Subsequently, the companies' economic performance and profitability metrics were collected. Then, the averages were calculated for each sector by company size. Finally, these averages were compared between companies using or not using the 6σ methodology.
To measure the companies' operational performance, the following metrics were used:
• Earnings before interest and taxes (ΔEBIT), which measures net operating revenue after subtracting costs and operating expenses but before subtracting depreciation and amortisation (Hoji, 2004) • Gross margin, which indicates if companies have economies of scale in implementations of investments, providing a measure of the companies' cost structure control (Kayo & Famá, 2004) • Net margin, which signals if companies have improved their managerial, financial and operational efficiency, increasing the percentage of profit in relation to revenue, representing potential cash flow generated by operating activities of companies -free of tax -so the ΔEBIT margin is calculated in relation to total assets, as the result of the division of profit before interest and taxes by total assets (Assaf Neto, 2007) Company growth was measured by with the following profitability indices (Assaf Neto, 2007 ):
• Return on assets or the division of net income by total assets, which expresses the overall efficiency of companies in generating profits through their asset structure • Return on investment, which results from dividing the profit generated by average investment assets
• Return on equity, which is one of the fundamental ratios used in financial analyses and is the result of dividing the net income by the average shareholders' equity The present study adopted a conservative assumption that no differences exist between the results of companies that do or do not use the methodology. In addition, an alternative hypothesis was proposed that, with the use of 6σ, organisations improve their performance and growth and increase their indicators of economic performance and profitability compared to companies that do not use the same methodology.
Thus, sample standard deviations were used in order to estimate the population standard deviations. In this case, the estimation procedure followed Student's t-distribution and not a normal distribution since the population standard deviations were not known (Anderson, Sweeney & Williams, 2008) . Statistical Package for the Social Sciences software was also used to support the analyses. In tests of significance of sample averages, the null hypothesis was rejected, with a significance level of 5% (α = 0.05).
Presentation and Analysis of Results
Therefore, using Economatica ® software, the 425 companies with shares on the capital market were selected and each of their websites were checked for information about the use of 6σ. Out of 425 companies, 22% (i.e. 93 companies) reported using this methodology.
After distributing companies that use 6σ by sector, the following classification was obtained: 14 in machinery, equipment, vehicles and spare parts; 14 in metallurgy; 10 in textile and clothing; 7 in civil construction and materials for construction and decoration; 5 in transportation and logistics; 5 in electricity; 5 in wholesale and retail commerce; 4 in food; 4 in communications and information technology; 3 in mineral extraction; 3 in pharmaceuticals and hygiene; 3 in pulp and paper; 2 in banking; 3 in telecommunications; 2 in agriculture (i.e. sugar, alcohol and sugar cane); 1 in beverages and tobacco; 1 in toys and leisure; 1 in packaging; 1 in oil and gas and 1 without a primary sector.
Machinery and equipment sector: Following this classification, the two averages of indicators of economic performance and profitability were compared for companies of this sector, using the BNDES's size criteria. The following results were obtained: 47.8% of these companies are classified as large, 4.3% as medium-large, 21.7% as medium-sized, 13% as small and 8.7% as micro-companies. A further 4.3% are classified as undefined because they do not disclose their annual gross revenue data.
After separating the companies of this sector by size, the following results were obtained: all the large and medium-large companies -a total of 12 -use the 6σ methodology, as do two out of the five medium-sized companies. None of the five companies classified as small, micro or undefined use the methodology. Therefore, we analysed only the differences between the average indicators of the medium-sized companies in this sector. The other 12 companies in this sector using 6σ were not analysed since no comparison was possible between companies that do or do not use 6σ within the same size category. Notably, the selected sector's companies were among the first to implement this methodology in Brazil.
After this last classification, the economic performance indicators of this sector's medium-sized companies were compared. The analysis revealed that the indicators are higher in the companies using the methodology, which means they show better operational performance and efficiency. As for the profitability indicators, 44% are higher in the companies using the methodology, 44% are equal and 12% are lower. A general assessment of indicators revealed that 72.23% of the values have increased in the companies using the methodology, 22.22% have equal values and 5.55% show lower values.
Metallurgy and steel sector:
In this category, 50% of the companies are classified as large, 28.6% as medium-large, 7.1% as medium-sized, 3.6% as small and 10.7% as undefined because they do not disclose their annual gross revenue data. Ten out of the 14 large companies (71.42%), three out of eight medium-large companies (37.5%), none of the medium-sized companies and one small company apply the 6σ methodology. Thus, only the differences between the indicators of the large and medium-large companies were analysed in this sector.
In this sector, economic performance indicators are higher in companies using the methodology in 33.33% of the cases and equal in 66.67%, which does not provide evidence that operational performance and efficiency are higher in the companies using 6σ.
As for profitability indicators, 44% have increased in the companies using the methodology, 44% are equal and 12% are lower. We were not able to check if overall efficiency, effectiveness in resource allocation and return generated are higher in companies that use the methodology.
As for medium-large companies in this category, economic performance indicators are higher in 44.45% of the companies using the 6σ methodology and they are the same in 55.55%. However, we were unable to confirm whether operational performance and efficiency are higher in companies that use the methodology. As for profitability indicators, an increase in 55.56% was observed in the companies using 6σ, while 44.44% remain equal -failing to show clearly higher overall efficiency, effectiveness in resource allocation and return generated in companies using this methodology.
Textile and clothing sector:
This category includes 29 companies of which 55.2% are large, 17.2% are medium-large, 6.9% are medium-sized, 10.3% are small and 10.3% are undefined. In terms of application of the 6σ methodology, 10 out of the 16 large enterprises use the methodology. None of the medium-large, medium and small companies use it. Therefore, we compared only the large companies' economic performance indicators, finding that economic performance indicators are higher in 88.89% of the companies using 6σ and are equal in 11.11%. We concluded that operational performance and efficiency are better in companies using this methodology.
As for profitability indicators, 44.45% of them are higher in companies using the 6σ methodology, and 55.55% are equal. This shows that overall efficiency, effectiveness in resource allocation and return generated are higher in companies that use 6σ.
Civil construction and construction and decoration materials sector:
This category includes 48 companies. Large organisations make up 61.4%, 13.6% are medium-large, 2.3% are medium-sized, 6.8% are small and 15% are undefined. We found that only seven large companies use the 6σ methodology. Therefore, only the large companies were analysed, by which we verified that economic performance indicators are higher in 44.44% of the companies using 6σ. In 44.44% of the cases, the indicators are equal, while 11.12% are lower. We found that operational performance and efficiency are better in companies that use this methodology. As for profitability indicators, 55.56% of them are higher in companies that use the 6σ methodology, 33.33% are equal and 11.11% are lower, which shows that overall efficiency, effectiveness in resource allocation and return generated are higher in companies that use this methodology.
Electricity sector: This consists of 46 companies of which 78.3% are large, 6.5% are medium-large and 15.2% are undefined. After grouping these by application of the 6σ methodology, we found that five companies using 6σ are large, out of a total of 36 large businesses.
An analysis of these large companies' indicators showed that economic performance indicators are higher in 11.12% of the companies using 6σ. The indicators are equal in 55.55% and lower in 33.33% of the cases. Thus, the application of this methodology has not brought improvements in operational performance and efficiency because these indicators are not higher for this sector's companies.
As for profitability indicators, 55.56% of these have risen in companies that use the 6σ methodology, 33.33% are equal and 11.11% are lower, showing that overall efficiency, effectiveness in resource allocation and return generated are higher in companies that use 6σ. In general, indicators are higher in 33.34% of the companies applying this methodology, but 44.44% are equal and 22.22% lower, showing that this methodology's application has not improved indicators. However, notably, this is a reality experienced by just five companies that use 6σ, since the other 31 company do not use it.
Transportation and logistics sector: This includes 22 companies, of which 68.2% are large, 4.5% medium-sized and 27.3% undefined. All the companies that use the 6σ methodology are large, that is, 5 out of 15 companies (33.33%). In this sector, economic performance indicators are higher for companies using 6σ in 22.23% of the cases, while the indicators are equal in 44.44% and lower in 22.22% of the cases. Thus, these indicators do not show that the use of this methodology has brought better results.
As for profitability indicators, in 55.56% of companies using 6σ, these have increased, 33.33% are equal and 11.11 are lower, showing that overall efficiency, effectiveness in resource allocation and return generated are higher in companies that use the methodology. Regarding the indicators in general, 38.89% are higher for companies that apply this methodology, 44.44% are equal and 16.67% lower. That is, companies that use the 6σ methodology overall do not have higher profitability and economic performance than companies that do not use 6σ. However, notably, only about five companies are using this methodology and 15 are not.
Wholesale and retail commerce sector:
This consists of 18 companies of which 94.4% are large and 5.6% are undefined. Five out of the 18 companies (28.54%) apply the 6σ methodology.
Economic performance indicators are higher in companies that use 6σ in 11.12% of the cases, but the indicators are the same in 33.33% of the cases and lower in 55.55%. Thus, these indicators show that results are worse for companies that use this methodology. As for profitability indicators, 33.34% of them are higher in companies that use the 6σ methodology, 33.33% are equal and 33.33% are lower, showing that overall efficiency, effectiveness in resource allocation and return generated are not higher in companies that use 6σ.
As for the indicators in general, they are higher for 22.23% of the companies that use this methodology, 33.33% equal and 44.447% lower. That is, companies using the 6σ methodology have a worse profitability and economic performance than those that do not use 6σ, although these are the results for only five companies using 6σ and 13 not using it.
Food sector: Here, 68.8% of companies are large, and 31.3% are undefined. All companies using the 6σ methodology are large (i.e. four out of 11), which corresponds to 37.3%. Economic performance indicators are higher in companies that use the methodology in 44.45% of the cases, equal in 44.44% and lower in 11.11%. Thus, these indicators do not show better company results from the use of 6σ.
Profitability indicators have increased in 33.34% of the companies that use the 6σ methodology, 44.44% are equal and 22.22% are lower, showing that overall efficiency, effectiveness in resource allocation and return generated are not higher in companies that use this methodology. Thus, in 38.89% of the cases, in general, indicators show an increase for companies that use the methodology, for 44.44%, indicators remain the same and they are lower for 16.67%. That is, companies that use 6σ do not have higher econo mic performance and profitability indicators than companies that do not. However, these results are based on only four companies using this methodology versus 11 that do not use it.
Pulp and paper sector: This includes six companies, of which 83.3% are large and 16.7% are medium-large. Three of the five large companies use the 6σ methodology.
Economic performance indicators are higher in 55.56% of companies that use 6σ, equal in 11.11% and lower in 33.33%. Thus, the indicators show that the results are better for companies that use this methodology.
As for profitability indicators, 22.23% of them are higher in companies that use the 6σ methodology, 55.55% are equal and 22.22% are lower. This shows that overall efficiency, effectiveness in resource allocation and return generated are not higher in companies using this methodology.
In general, indicators are higher in 38.89% of the companies that use 6σ, equal in 33.33% and lower in 27.77%. That is, companies that use this methodology have better economic performance and profitability than those that do not use 6σ. This comparison was made between three companies that use the 6σ methodology and two that do not.
Telecommunications sector: Here, 53.3% of companies are large, 40% are undefined and 6.7% are small. The companies that use 6σ are all large (i.e. two out of the 16 companies or 12.5%).
Economic performance indicators are higher for 44.45% of companies that use this methodology and equal in 55.55%. Thus, these indicators do not clearly show that results are better for companies that use the 6σ methodology.
As for profitability indicators, 33.34% of these are higher in companies that use 6σ, 44.44% are equal and 22.22% are lower, showing that overall efficiency, effectiveness in resource allocation and return generated are not higher in companies using this methodology. In general, 38.89% of indicators are higher in companies that use the 6σ methodology, 50% equal and 11.11% lower. That is, companies that use 6σ have the same economic and profitability performance as companies that do not use it. This comparison was made between two companies using this methodology and 14 not using it.
Agricultural sector: In this category, 50% are large companies, 16.7% medium-large, 8.3% medium-sized and 25% undefined. Only one medium-sized company uses the methodology, which precluded a comparison between companies by size and use of 6σ.
Banking sector: Here, of 25 companies, 32% are large and 68% undefined. Only two out of the eight large companies use the 6σ methodology.
Economic performance indicators are higher in 33.34% of the companies using this methodology, the same in 44.44% and lower in 22.22%, indicating that results are no better for companies using the 6σ methodology. Profitability indicators are higher for 11.12% of companies using this methodology, equal in 33.33% and lower in 55.56%. This shows that global efficiency, effectiveness in resource allocation and return generated are lower for companies that use 6σ. In summary, in 22.24% of the cases, indicators are higher in companies that apply this methodology, equal in 38.88% and lower in 38.88. Namely, companies that use the 6σ methodology have a similar economic performance and profitability to companies that do not use 6σ. In this sector, only two companies use the methodology and six do not.
Beverages and tobacco sector:
This category has two large companies, but only one of them uses the 6σ methodology, making a comparison of indicators impossible. Thus, the analysis of economic performance and profitability had to be carried out without a statistical analysis.
Economic performance indicators are higher in companies using the 6σ methodology in 100% of the cases. As for the profitability indicators, 44.45% of them are higher for the company using 6σ and 55.55 % are lower, showing that overall efficiency, effectiveness in resource allocation and return generated are lower for the company that uses this methodology.
As for the indicators in general, 72.23% of these are higher in the company applying the 6σ methodology and 27.77% are lower. That is, the company that uses 6σ has better economic performance and profitability than the company that does not use 6σ.
Toys and leisure sector: This includes four companies, 50% of which are medium-large, 25% medium-sized and 25% undefined. Only one medium-large company uses the 6σ methodology. As only one company of this size uses this methodology, the test statistics were not valid for a comparison of the two samples, and, as the average and standard deviation are not known for this population, it was not possible to establish an interval estimate for the companies sampled.
Economic performance indicators are higher in 55.56% of the companies using 6σ and worse in 44.44%. Thus, the indicators show that the results are better in companies that use this methodology.
As for profitability indicators, 55.56% of them are higher for companies that use the 6σ methodology, and 44.44% are lower, showing that overall efficiency, effectiveness in resource allocation and return generated are higher when 6σ is used. In general, the indicators reveal better results for 55.56% of the companies applying the methodology and lower results in 44.44%, that is, better economic performance and profitability in companies that use this methodology.
Communications and information technology sector: Here, 71.4% of the companies are large, 14.3% are medium-sized and 14.3% are undefined. Four out of the five large companies use the 6σ methodology (80%). Since only one company does not use the methodology, the test statistics were not valid for comparing the two samples.
Mineral extraction sector:
In this category, 37.5% of the companies are large, and 62.5% are undefined. Two of the three companies use the 6σ methodology.
Pharmaceuticals and hygiene sector:
This has five companies of which 60% are large and 40% are undefined. All the large companies use 6σ.
Oil and gas sector:
This category contains six companies: 83.3% large and 16.7% small firms. The only company of this sector that uses this methodology is large, accounting for 20% of this sector.
Companies without a primary segment: This includes 43 companies. Of these, 18.61% are large, 2.3% medium-large, 2.3% medium-sized, 2.3% small and 74.4% undefined. In this and the previous three sectors, we could not compare companies' economic performance and profitability indicators.
The analyses further showed that nine sectors do not have companies that use the 6σ methodology. These include stock, commodities and futures exchange; real estate credit; education; print shops and publishers; hotels and tourism; financial intermediation; sanitation, water and gas services; and medical services.
Conclusion
The methodology -quantitative and descriptive methods supported by documentary research -applied in this study was effective in achieving the research goals, since it made possible, through indirect data, analyses and comparisons of the use or non-use of 6σ by 425 companies listed in the Brazilian open capital market. After classification of the companies by size, the results revealed that 78 (83.87%) out of the 93 companies analysed that use the 6σ methodology are large.
These results offer answers to the questions that motivated this study for the sectors of machinery, equipment, vehicles and spare parts; textiles and clothing; civil construction and construction and decoration materials; pulp and paper; beverages and tobacco; and toys and leisure. The indicators for operational performance, overall efficiency, effectiveness in resource allocation and return generated are higher for companies that use the 6σ methodology compared with those that do not use it. Therefore, in the sectors studied, the use of 6σ contributes to the optimisation of processes, thereby generating growth and improving economic performance.
In the metallurgy and steel, electricity, transportation and logistics, food, telecommunications and banking sectors, the results do not show differences between companies that do or do not apply the 6σ methodology. Thus, the benefits brought by the use of 6σ could not be verified for these sectors.
After an analysis of the commerce sector, the results of companies that use the 6σ methodology are lower than those of companies that do not use it. Since the application and implementation of 6σ were not evaluated, we were unable to verify the causes of this result. In the communications and information technology, mineral extraction, pharmaceuticals and hygiene, agriculture, packaging and oil and gas sectors, as well as companies without a primary segment, a comparison was not possible as not enough companies were available.
In view of these results, we conclude that, for companies of various sectors, the 6σ philosophy is a business strategy that is here to stay and spread, rather than just a fad. The 6σ programme has been improved since this research was conducted, and it is being adopted by an increasing number of organisations in the machinery and equipment, metallurgy, textiles and other sectors, in which the 6σ methodology is already predominant. However, in the agriculture, beverages and tobacco and toys sectors, 6σ is still rarely applied.
For the purposes of this study, the 6σ methodology cannot be said to be a variable of success since, in this study, 6σ could not be separated from other variables. However, notably, in the period under analysis, most companies that used this methodology showed better results than those that did not.
As for the future of 6σ philosophy, some trends stand out, including an understanding of the synergy between 6σ and lean manufacturing practices that has generated a methodology called Lean Six Sigma and an increased dissemination of Design for Six Sigma. The number of midsize and small companies is increasing that plan to use the philosophy after making the adjustments and simplifications necessary for their reality. The 6σ philosophy is being implemented as a strategy for creating value for businesses and not simply for eliminating defects or reducing costs. In addition, 6σ is being integrated with quality programmes and standards, and specific software for 6σ management is being used in organisations and for decision-making based on factual data.
The limitations of this study include a lack of information in the Economatica ® database, delays in companies' responses regarding the use of the 6σ methodology, the limited number of companies that apply the methodology in certain sectors, ongoing mergers and acquisitions of companies and websites that were still in construction or outdated at the time of this research. Regarding future studies, the results before and after the application of the 6σ methodology could be analysed in a sample of Brazilian companies of different sectors, to evaluate the scope of this application and to study the impact of local culture on the use of the 6σ methodology.
